The effect of oceanic temperature fine structure on sound transmission is investigated. The model used assumes that the layered fine structure is advected horizontally and vertically by the internal waves. Taylor's frozen turbulence hypothesis is then used to determine the space-time variations in sound speed. We compare our results to those of Ewart's Cobb Seamount experiment [J. Acoust. Soc. Am. 60, 46 (1976)]. The agreement between the calculated spectrum of the log-intensity fluctuations and the experiment is excellent except at low frequencies (to 5 0.3 cph) and extends, at high frequencies, even beyond the internal wave frequency range. Previous calculations based on the internal wave model of turbulence have consistently underestimated these fluctuations in this frequency range. The agreement between the observed and the previously calculated phase fluctuations is not affected; that is, the fine structure adds little to the phase fluctuations.
INTRODUCTION

It has been pointed out by Ewart t that in underwater sound transmission, the description of oceanic inhomogeneity by internal waves is not adequate when the acoustic wavelength is small (of the order of a few meters and less). The inadequacy of describing the small-
It is reasonable to assume that the internal waves have a high wavenumber cutoff since the small-scale oceanic variability is not internal wavelike. Thus, the sound-speed fluctuations on scales larger than a few meters in the vertical direction are internal wave-related, but on a smaller scale, the fluctuations are due to the layered fine structure. The origin of these layers is unimportant; what we are interested in is how much energy they can scatter or reflect away, giving rise to intensity fluctuations.
Ewart • attempts to calculate the intensity fluctuations
by calculating the reflected energy from each layer (scattering in a deterministic sense). Because of the complexity of the problem this is done by a computersimulation method. However, the calculation gives a result which is in considerable agreement with the observations; the fine structure brings in a large difference in the log-intensity fluctuations, keeping the phase fluctuations unchanged.
We have made an analytic calculation of these fluctuations using the Rytov method as elucidated by Munk and Zachariasen. 6 We define a spatial correlation function of the refractive index fluctuations, which we obtain from measured layer thicknesses and their probability of occurrence.
We turn this into a time-correlation function by considering this spatial structure to be advected by internal waves. Since internal wave displacements are large compared to typical layer sizes, we can characterize the advection by a single average horizontal velocity (rms horizontal velocity of internal waves) and a single vertical velocity (rms vertical velocity of internal waves).
Our results, then, are the fluctuations due to the fine structure alone. For the Cobb Seamount experiment we find that the phase fluctuations we obtain are far below (by about 10 '•) those obtained by the previous calculations using internal wave models. Thus the inclusion of the fine structure effects will not disturb the agreement of the previously calculated phase fluctuations with observations. 6, 7 The log-intensity fluctuations due to the fine structure, however, are considerably larger than the internal wave-caused fluctuations, for frequencies 0.3 cph and above. This is exactly the range where the measured fluctuations are higher than previous predictions; our results agree very well with the measurements, in this range. On the low-frequency side the fine structure contribution is less than the internal wave contribution; internal waves dominate here, and again the already existing agreement with experiment is not destroyed. We have the conclusion, therefore, that fine structure is responsible for the higher frequency intensity fluctuations, while internal waves produce the lower frequency intensity fluctuations. 
where q is the wavenumber. We write p(x) = [• ] exp(iqx) =po ex, X= X + i½, 
In ( problems that must be separately considered.
IV. CONCLUDING REMARKS
We have presented here an analytic calculation of acoustic fluctuations using a statistical model for the oceanic temperature fine structure.
Even though the large-scale turbulence in the ocean is predominantly due to the internal waves, the intensity fluctuations are caused mainly by the small-scale oceanic variations. The treatment of the fine structure as a perturbation on the internal waves in the displacement spectrum 8'•ø,12 is not adequate for this calculation. Considering the fine structure effects separately, we find over a considerable range of frequencies, the log-intensity fluctuations are almost entirely due to the fine structure.
